When the US Public Health Service (PHS) assumed responsibility for the health care of American Indians and Alaska Native (AI/AN) persons in 1955, it undertook a large study of conditions that, although subject to many of the same reporting and definitional problems with which researchers continue to struggle, remains a useful source of baseline information from which to measure change. 1 Evidence in the 1950s indicated that (1) American Indians had higher mortality than non---American Indians (Alaska Natives were not included in the original study), (2) they were more likely to die from communicable than noncommunicable diseases, and (3) regional differences existed in both socioeconomic and health conditions that were largely explained by regional ecologies and histories of contact with non-Natives and by differences in regional economies. Here, we briefly review some of the results of the original study and subsequent changes. We also consider current regional differences in causes of death amenable to health care interventions, although we do not analyze the overall impact of health care interventions on either change in total mortality or regional differences in mortality decline since 1950. The available evidence indicates, however, that health care has had a beneficial impact, especially on the decline in childhood and infectious diseases. 2---5 "Amenable deaths" are deaths that ought to be avoidable if a health care system is providing adequate and timely services appropriate to the needs of its public. Health services include prevention and primary, secondary, and tertiary care; clinical and public health programs; and care provided by voluntary organizations, ambulance services, and the like. Amenable deaths are sentinel events: they should alert providers and the public to potential problems with the health care system that deserve further scrutiny. 6 Circumstances other than limitations of the health care system may be involved in causing amenable deathsfor example, the reluctance of the public to use services. Nonetheless, these events may well reflect problems in the health care system, and when comparisons among regions and populations reveal large differences in rates, they ought to be investigated with an eye to correcting whatever deficiencies have been found.
We describe the different regions in which AI/AN persons live and the ways in which those different contexts appear to have influenced mortality in the 1950s and the changes since then. We argue that variations in socioeconomic conditions across regions do not by themselves adequately explain regional differences in mortality, which require much greater understanding of, among other factors, biases in both reporting of deaths and identification of AI/AN race in the US Census and differences in tribal enrollment criteria, migration, and health care.
METHODS
We used 2 data sources: (1) information published by the PHS in 1957 1 based on surveys on reservations and analyses of state vital statistics and census data and (2) death rates for 1990 to 2009 calculated from the AI/AN Mortality Database file described elsewhere. 7 Each data source is independent of the other. We further classified the 1990 to 2009 rates as (1) all-cause mortality for 1999 to 2009, age adjusted to the 1950 US standard population to be comparable with the results published in the original PHS report, and (2) all-cause and amenable causes of death for 1990 to 1998 and 1999 to 2009, age adjusted to the 2000 US standard population.
Death rates are expressed per 100 000 population. For a more complete description of both the numerator and the denominator used to calculate death rates for 1990 to 2009, see Espey et al. 7 Briefly, the numerator consisted of the number of AI/AN decedents whose residence at the time of death was in 1 of 637 Contract Health Services Delivery Area (CHSDA) counties and who were identified as an AI/AN person on the death certificate or linked to Indian Health Service (IHS) registration records. To be an IHS beneficiary, one must be an enrolled member of a federally recognized tribe. As a denominator, we used the bridged single-race population estimates released by the Census Bureau and the National Center for Health Statistics as described elsewhere in this supplement, 7 whether enrolled in a federally recognized tribe or not. During preliminary analyses, it was discovered that the updated bridged intercensal population estimates significantly overestimated AI/AN individuals of Hispanic origin. 8 Therefore, to avoid underestimating mortality in the AI/AN population as a whole, analyses were limited to non-Hispanic AI/AN persons. Non-Hispanic Whites were chosen as the most homogeneous referent group. For conciseness, the term "non-Hispanic" is omitted henceforth when discussing both groups. CHSDA counties are aggregated into 6 regions: East, Pacific Coast, Alaska, Southwest, Northern Plains, and Southern Plains (see Table 1 for definition of regions).
The diseases and age-of-death cutoffs considered amenable to health care interventions are displayed in Table A (available as a supplement to the online version of this article at http://www.ajph.org). The list differs from others in that lung cancer is included. Other investigators often exclude it because the lag time between quitting smoking and measurable decline in death caused by lung cancer is long. However, because services provided to AI/AN persons in CHSDA counties have generally been administered by PHS either directly or indirectly since the mid-1950s, at a time when the dangers of cigarette smoking had become widely known to the medical community, and because the PHS has had responsibility for preventive as well as personal services, we have included it.
The original PHS report used states as well as agencies as the units of analysis. Agencies were the basic Bureau of Indian Affairs administrative units, each of which had jurisdiction over 1 or more reservations. 1 For statistical purposes, the Bureau of Indian Affairs and the PHS used the concept of Indian Agency Area in the original 1957 report. All the counties containing a reservation under the jurisdiction of a particular Bureau of Indian Affairs agency were combined and used as the reporting unit, thus including some AI/AN persons living in the county but not on a reservation. Agency areas are comparable to those CHSDA counties that include reservations. As such, they make up a subset of all CHSDA counties and are the units of analysis used here. The analyses are at the ecological, not the individual, level of analysis. That is, we can only consider county-level attributes and their associations with death rates. Socioeconomic variables in the contemporary period (i.e., 1990---2009) are at the CHSDA county level and include each county's place on the urban---rural continuum, the percentage of unemployed AI/AN persons in each county, the percentage who have less than a high school education, the percentage living in poverty, and the percentage in white-collar occupations. For 1948 to 1953, we grouped counties into regional categories large enough to minimize the confidence intervals; for 1990 to 2009, we grouped CHSDA counties into IHS regions.
Socioeconomic variables were only available for AI/AN race alone, non-AI/AN race alone, and AI/AN race in combination with other groups. This is a potential source of bias because AI/AN race alone and AI/AN race in combination with others may have very different socioeconomic characteristics, and their relative proportions may differ among regions.
RESULTS
According to the original PHS study, 1 mortality of American Indian (AI) persons in 1950 was half as high as that of non-AI persons (rate ratio [RR] = 1.45). Non-Natives died overwhelmingly of noninfectious conditions, whereas infectious diseases played a greater role among American Indians. Even then, however, chronic diseases had begun to make a significant contribution to mortality.
Tuberculosis, pneumonia, and influenza had declined in both populations since 1935, but the rates among AI persons were still far higher than those among non-AI persons and in 1953 were about the same as they had been for non-AI persons almost 20 years earlier. 1 However, heart disease had increased gradually in each population since 1935. Arteriosclerotic heart disease was by far the single most important category, especially for non-AI individuals: The rate for AI males was 91.3; AI females, 48.3; non---AI males, 286.5, and non---AI females, 153.8. 1 Much has changed in the subsequent 60 years. Mortality declined among AI/AN and non-AI/AN populations, and the RR narrowed somewhat to 1.34, but the patterns have differed. Among non-AI/AN persons, the rate of all-cause mortality declined steadily from the early 1970s to the early 2000s, whereas among AI/AN persons the rate declined until the mid-1980s, when a slight increase occurred. 9 This increase appears to have persisted into the early 2000s and was primarily due to diabetes and lung cancer.
The generalizations about aggregate, allcause mortality mask regional differences in baseline conditions and in the way change has occurred. Thus, Table 1 displays age-adjusted all-cause, tuberculosis, and infant death rates for AI persons for 1949 to 1953 by region, as reported in the original PHS study, and allcause mortality for 1999 to 2009, age adjusted to the 1950 population. The geographic subdivisions among the 6 regions are not precisely consistent between the 2 periods, but the agencies in the 1949 to 1953 period are broadly comparable with the CHSDA counties in 1999 to 2009. However, because agency areas included a higher proportion of people living on reservations than do CHSDA counties, which also include major metropolitan areas, death rates reported from 1999 to 2009 may be lower than if only counties with reservations had been included.
Considering the early period first, several findings stand out. AI persons in the East had unusually low age-adjusted rates compared with AI persons elsewhere in the country. Indeed, they were virtually the same as rates among non-AI persons. Rates on the Pacific Coast and in the Southwest were higher than elsewhere. Tuberculosis and infant death rates were far higher in the Southwest than anywhere else in the country. In every region, death rates of AI people living on agencies were higher than those of AI people living elsewhere in the same state. The RR (weighted by agency population) was 1.6.
Sixty years later, rates had declined in all regions, but unevenly. The RR between the regions with the highest and lowest rates (CHSDA counties only) was 1.78. Rates were still unusually low in the East, but now AI/AN people on the Pacific Coast and in the Southwest had lower rates than AI/AN people on the Northern Plains, who had the highest rates. When we calculated 1999 to 2009 death rates (age adjusted to 1950) as a percentage of the 1949 to 1953 death rates, we found that the smallest decline occurred among AI/AN persons in the Southern Plains, followed closely by the Northern Plains. The declines were greatest on the Pacific Coast and in the Southwest, followed by the East. Moreover, AI/AN:White RRs declined everywhere except the Northern and Southern Plains, where they increased.
Several possible interrelated reasons exist as to why mortality has varied among regions in the past and in the present and why change among regions has proceeded at different rates: bias and differences in rates of emigration and immigration, self-identification in the US Census, health-related behaviors and health care, tribal enrollment criteria, and socioeconomic conditions. We consider each briefly. Table 2 displays socioeconomic data for 1950 from the PHS report 1 and for 2000 from the US Census. Considering the earlier period first, the Southwest stands out in several ways: education and income were lowest there, AI lands were far more extensive than elsewhere, and a very high proportion was controlled by tribes rather than having been allotted to individuals, both AI and non-AI. The proportion of AI land controlled by tribes was almost as high in the East, but these lands were mere remnants of lands previously controlled by tribes and the least extensive of any region because dispossession had occurred before tribes negotiated treaties with the US government. The pattern elsewhere was very different: virtually all Indian reservation land on the Southern Plains and much of that on the Northern Plains and the Pacific Coast had been allotted to AI and non-AI persons and was owned by individuals, not tribal entities.
Socioeconomic Differences
Allotment of Indian reservation land was federal policy in the late 19th and early 20th centuries. It involved assigning reservation land to Natives as individuals, usually 160 acres to each head of household and 80 acres to other members. The "excess" land that was left after the allotment to AI people was then made available for homesteading by non-AI individuals. After a number of years, when AI persons were considered "competent," they could dispose of their allotments. Thus, over a period of years much of what had originally been reservation land controlled by tribes as corporate entities was fragmented into individual holdings. The reasons for the policy were both to make large tracts of land available to non-AI settlers and to "Americanize" Natives by breaking up communally controlled land into individually owned parcels. The Southwest was the exception to this policy, probably because the aridity of the region made homesteading on reservation lands impractical. Currently, the Southwest still has slightly lower educational attainment than the other regions, but with respect to levels of income and poverty it is very similar to the Northern Plains. Each is substantially poorer than the other IHS regions. The Pacific Coast and the East are by far the most urbanized, with well over half living in metropolitan counties of more than 250 000. The Northern Plains and Alaska are the least urbanized. (Table 3) , notice the following characteristics:
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1. AI/AN mortality is always higher than White mortality in the same counties, with the exception of the East, in which urban AI/ AN people have lower mortality than Whites. 2. We found very few discernible patterns in death rates across the urban---rural continuum, except for the East and the Pacific Coast, in which urban mortality is lower than rural mortality. 3. Examining the variation in death rates across the rows describing the urban---rural continuum, we found no consistent pattern of mortality. We found substantially greater variation among AI/AN persons than among Whites in rates across regions within urban--rural designation.
On average, variables in Table 3 have a coefficient of variation in the rates across regions that is 3 times greater for AI/AN persons than for Whites.
The association of mortality with the percentage of AI/AN persons unemployed, living in poverty, or both (Figures B and C) was equally inconsistent: death rates did not always follow the expected trend by increasing as the percentage living in poverty increased. We observed similarly inconsistent results when we analyzed education and type of employment ( Figures D and E) . That is, in some regions, we found the expected association between socioeconomic characteristics and mortality and in others we did not, and within the same categories, rates varied enormously by region.
When AI/AN death rates were aggregated across all regions (Figures F---J, available as a supplement to the online version of this article at http://www.ajph.org), we observed somewhat more consistent patterns. Death rates increased as populations became increasingly rural ( Figure F) ; educational attainment ( Figure G) was unrelated to death rates, but high levels of poverty ( Figure H) and unemployment ( Figure I ) were both associated with increased mortality; and a high level of white-collar employment ( Figure J) was associated with reduced mortality. Thus, at the national level, total all-cause mortality was associated with socioeconomic measures, as might be expected, but at the regional level, we observed no such consistency. This lack of consistency may mean that commonly used socioeconomic variables measured at the county level are of little use in explaining regional differences in AI/AN mortality. What other characteristics, then, might help to account for the great regional differences in mortality that we observed? We consider several potentially contributing factors.
Assimilation and Identity
The authors of the PHS report wrote, One of the major reasons for lack of specificity in Indian population data is the variation from place to place as to the inclusion or exclusion of persons of mixed ancestry in the Indian tally. 1(p14) Using very imperfect self-report data from the 1950 Census, they estimated the distribution of reservation residents with 100% Native ancestry as follows: (1) in the Southwest, Window Rock Agency, 95% to 100%; Albuquerque Agency, about 95%; and Phoenix Agency, about 90%; (2) on the Pacific Coast, Portland Agency, about 70%, and Sacramento Agency, about 20%; and (3) in the Northern Plains, Aberdeen and Billings Agencies, about 40% each, and in the Minneapolis Agency, 25% to 30%. No data were reported for the Southern Plains, Alaska, or the East, but the 1900 Census showed that even 50 years previously about 40% of Cherokees on the Southern Plains had married non-AI persons, a higher proportion than in any other AI population studied at the time. 10 Tenuous as these data are, they do suggest that in the Southwest, marriage with non-AI individuals occurred substantially less than in most of the rest of the country.
Across the entire AI population, marriage with non-Natives increased dramatically after 1960, 11 as did tribal exogamy (AI persons of 1 tribe marrying AI persons of another tribe). Recent studies have indicated that tribal endogamy is greatest in the Southwest 12 ; endogamous couples are those least likely to migrate across state lines 13 ; and AI persons married to non-AI persons living on a reservation are more likely to identify their children as only American Indian than are exogamous couples who live elsewhere. 14 Since the 1960s, a large increase has also occurred in the number of people claiming full or partial AI identity, as a result of changes in self-definition and in the way the census has allowed people to classify themselves. 15 With respect to self-identification, most people who claimed some degree of AI ancestry did not claim AI identity: only about 21% in 1980 and 22% in 1990. Thus, there was a great deal of room for people to change their identity to AI/ AN alone or in combination with another race. Changing self-identification to that of an Native person occurred much more frequently in states with small AI/AN populations, which are overwhelmingly in the East, than in states with large reservations, large concentrations of AI/ AN people, or both, which are west of the Mississippi. 15 In the 2000 Census, the proportion of self-identified AI/AN people who said they were AI/AN alone was lowest in the East (47%) and the Pacific Coast (54%), followed by the Northern and Southern Plains (63%), and then Alaska and the Southwest (82%). 16 The consequences of changing identification are potentially important. It may, for example, inflate population denominators without affecting the numerator because in places in which there are few AI/AN persons, race is often misclassified. This appears to have occurred especially in the East and may help account for the lower death rates in this region. Criteria for tribal enrollment are established by tribes and are most often determined by degree of ancestry in that particular tribe: one half, one quarter, one eighth, one sixteenth, one thirty-second, or no minimum at all. In general, reservation-based tribes have more stringent requirements than do those without reservations. 17 This is likely to influence death rates if health risks of people vary with degree of AI/ AN ancestry, which may be a reflection of socioeconomic status. That is, in some parts of the country, mixed-race AI/AN people may have lower mortality than those who are AI/ AN alone because of differences in socioeconomic status. Among regions, the Southern Plains and the East are the regions in which most tribes are without a federally recognized reservation (see map in online supplement, available at http://www.ajph.org) and where enrollment criteria may be least stringent.
Migration
AI people often left reservations to work in the late 19th and first half of the 20th centuries, but it was not until the 1940s that they left in large numbers, first to work in defense industries and to serve in the military during World War II, and then as part of the government's relocation programs in the 1950s. Emigration has continued, and now well over half of self-identified AI/AN persons live in urban centers. However, emigration differs across the country.
Differential emigration from rural CHSDA counties may have an impact on death rates if healthy people are more likely to leave (the healthy migrant effect) and sick people, elderly people, 18 and those retired from urban employment remain on, or return to, reservations. There is some evidence that both may be at work. People who remain on reservations are poorer, 19, 20 less well educated, and at higher risk for substance misuse than those who migrate. 21, 22 Thus, the lower the rate of migration, the healthier the population that remains at home may be, because if employment and educational opportunities are available on or near reservations, the most employable and healthiest may have greater reason to remain. 23 Moreover, a study of urban AI/AN persons suggested that some diagnoses are associated with return visits to reservations. 23 There are no comparative long-term cohort studies of migration patterns among regions, but it is clear that emigration from reservations since the 1940s has been considerable and that it has varied regionally. The 1970 Census listed Natives by tribal membership and the proportion who were living on identified reservations. Of identified tribal members in the Southwest, 50% to 70% were living on reservations, a substantially greater percentage than in other parts of the country. Only the Blackfeet and Sioux on the Northern Plains were at all similar: 45.9% and 53.4%, respectively, lived on reservations. 24 As we have noted, analyses of the 1980 Census have suggested that growth of the AI/ AN population in the eastern United States was a result of increasing self-identification. In the same census, growth of AI/AN populations in cities on the Pacific Coast was found to be caused by in-migration. 15 By 1990, the Pacific Coast and southwestern Sunbelt cities had become major destinations for AI/AN immigrants, as they had for immigrants of other races. 25---27 Combining population data from the 2000 Census 28 with tribal enrollment data, 29 we estimate that on average 68.7% of enrolled members of Southwestern tribes live on reservations compared with 46.8% of enrolled members of Northern Plains tribes. 30 We have not attempted similar estimations for other regions, but these limited data indicate that emigration has differed substantially from 1 region to another for many years, and it would be surprising if there were no consequences for the regional distribution of death rates caused by differential sorting of people by risk profile. Thus, regional differences in self-identification, enrollment criteria, and migration patterns may influence regional differences in mortality by inflating or deflating both the numerators and the denominators, but each may result in real (i.e., unbiased) differences in mortality nonetheless.
Amenable Mortality
A final source of variation to be considered, the effectiveness of health services, is more readily estimated. Table 4 displays death rates from amenable causes among AI/ANs in CHSDA counties. With the exception of the Southwest from 1990 to 1998, rates of amenable deaths were significantly higher among AI/AN than White persons. In every region, amenable deaths in each population declined from 1990 to 1998 to 1999 to 2009, but total all-cause mortality of AI/AN persons across the country did not decline as a result of slight increases in all-cause mortality among AI/AN persons on the Pacific Coast and on the Southern Plains. Elsewhere, mortality among AI/AN populations declined. The range of rates for both amenable and nonamenable causes of death across regions is far greater for AI/AN than for White persons. Amenable and nonamenable death rates were more highly correlated among AI/AN than White people within each population and period. That is, where amenable causes are high, so too are nonamenable causes. As a percentage of allcause mortality, amenable mortality is generally similar between AI/AN and White populations, but amenable mortality is lower both absolutely and relatively among AI/AN persons in the Southwest than in any other region.
DISCUSSION
The major question raised by this historical overview is how to account for the great regional differences in mortality and rates of change among AI/AN persons, differences that are far greater than those among Whites. As with other Indigenous peoples subjected to invasion by Europeans, AI/AN persons have experienced catastrophic population losses as a result of warfare and disease, expropriation of land and natural resources, and economic deprivation and social isolation. However, great differences have existed among them as well, resulting from differences in geography, in the Europeans who first contacted them and the time of first contact, in tribal culture, and in subsequent patterns of social and economic change.
For example, the English who first contacted Natives on the East Coast of North America in the 17th century differed from the Spanish who entered the Southwest at about the same time. They found very different societies, they had different aspirations, and they encountered very different ecologies. The English pursued a policy of extermination and ethnic cleansing different from anything done by the Spanish north of Mexico. Moreover, because the Southwest was arid, it did not lend itself to the establishment of the small farms or plantations that developed in the East. Indeed, from the East across the northern and southern plains all the way to the Pacific Coast, the environment made farming and ranching viable activities, and belief in progress and manifest destiny justified dispossession of Natives. The fact that in the Southwest tribal lands are more extensive and a higher proportion are controlled by tribes than by individuals reflects the fact, as noted previously, that homesteading was not possible in much of the region and that allotment of AI lands occurred in only a few places. 30 Isolation in turn explains the higher rates of Indian endogamy and diminished access to health care and education, resulting in the lower levels of education and high infant mortality and tuberculosis rates observed in the 1950s. Although Alaska was not included in the original PHS study, patterns there appear to have been similar.
Regional socioeconomic differences do not explain contemporary regional differences in mortality. For instance, Northern Plains and Southwest AI/AN people at the same level of poverty have very large differences in mortality. This is perhaps the most striking result of our analyses: that county-level socioeconomic conditions do not explain regional differences in mortality among AI/AN persons. These are ecological analyses and so must be treated with caution. However, analyses of individual-level data from the National Longitudinal Mortality Study have shown that income and education do not explain the differences between the likelihood of death of AI/AN persons on the Northern Plains and in the Southwest. 31 We have therefore considered other factors that might be important.
Migration and identification in the census and on death certificates are all sources of potential bias, but each may also be of value in explaining real regional variations in mortality. To the degree that each spuriously inflates or deflates the numerator (mortality) or the denominator (population), the rates may be more or less inaccurate. Changing self-identification may increase the population claiming AI/AN identity on the US Census, but many individuals may not match the criteria for inclusion in the mortality data, for instance by not being classified as an AI/AN person on the death certificate or not being enrolled in a tribe and thus not registered with the IHS, thus spuriously lowering the death rate. This is likely to occur in the East and in metropolitan areas in which the population includes few AI/AN people and individuals who fill out death certificates may not be aware of the presence of AI/AN persons. 32 Another potential source of bias is the exclusion of Hispanic AI/AN individuals from the analyses. Although it reduced the overall deaths among AI/AN persons by less than 5%, it may have disproportionately excluded some tribal members in states along the US---Mexico border and elsewhere who have Hispanic surnames and may be coded as Hispanic at death.
Finally, the healthy migrant effect has an impact on the numerator in both the place of origin and the destination, reducing the number of low-risk people in the former and increasing it in the latter. Again, demographic studies have suggested that emigration may be especially great from the Northern and Southern Plains to the Pacific region, thus having measurable consequences for rates in each region.
All of these are very real possibilities, but they are only biases if they mean that the criteria for inclusion in the numerator and denominator differ. Neither the effect of migration nor differing enrollment criteria is a bias if the individual is included in both the numerator and the denominator of the place of residence at the time of death. Instead, each is a source of real difference because each may influence the risk profiles of individuals. Without actual field studies in various parts of the country, however, it is impossible to know how important these considerations are in shaping the rates that we have reported. It does seem reasonable to view the data as least biased in places in which there are large concentrations of Natives. Evidence has revealed more accurate recording of race on death certificates in areas in which there are many people of the same race in the population 32 ; IHS services are widely available and alternatives less so, because AI/AN persons are then likely to be registered with the IHS; and enrollment criteria include the vast majority of the population who identify themselves as an AI/AN person in the census. The Southwest, the Northern and Southern Plains, and Alaska regions appear to meet all or most of these criteria better than the East or the Pacific Coast regions, and it is reasonable to suppose that death rates from the former are more accurate than those from the latter.
Of course, amenable mortality is subject to all of the same potential biases. Nonetheless, biases are unlikely to account for all the differences, especially among regions in which, as we have observed, there are many AI/AN people and a wide range of IHS services. Why, for example, are amenable death rates in the Southwest almost half those on the Northern and Southern Plains and about three quarters those in Alaska? Understanding the reasons for such differences is important because, unlike the other determinants of regional variation in mortality, the quality of health care can be addressed by those responsible for the provision of services. Because amenable deaths are only an indicator of possible problems, however, the differences cannot be understood without investigation of health care in particular settings.
The lesson to be drawn from these results is that histories of AI---non-AI contact and the experience of being an AI/AN person vary so greatly across the country that generalizations about the causes of regional differences in mortality are not yet possible. Only careful consideration of the particularities of each region will allow for fuller understanding of what for now must remain plausible speculations. j
